The phenomenon of starvation diabetes or the induction of impaired carbohydrate tolerance by the restriction of dietary carbohydrate has been recognized for almost a century. Peters (1) reviewed the subject comprehensively in 1945. The effect of carbohydrate deprivation upon the changes in the total blood sugar concentration following fructose administration has been investigated previously in animals (2-4) and in a human subject (5). Since the blood levels of glucose and fructose were not determined separately, it is not possible to ascertain from the results of these studies the effect of carbohydrate deprivation upon the fructose tolerance curve. Potick (6) 
The phenomenon of starvation diabetes or the induction of impaired carbohydrate tolerance by the restriction of dietary carbohydrate has been recognized for almost a century. Peters (1) reviewed the subject comprehensively in 1945. The effect of carbohydrate deprivation upon the changes in the total blood sugar concentration following fructose administration has been investigated previously in animals (2) (3) (4) and in a human subject (5) . Since the blood levels of glucose and fructose were not determined separately, it is not possible to ascertain from the results of these studies the effect of carbohydrate deprivation upon the fructose tolerance curve. Potick (6) measured both the total blood sugar and blood fructose concentrations in the dog following fructose administration; decreasing the carbohydrate content of the diet did not produce a significant alteration in either the fructose or total sugar curves. However, most workers in the field have been concerned with the effect of dietary alterations on glucose tolerance alone, and the phenomenon of starvation diabetes has usually been considered only in terms of altered glucose metabolism. It has been demonstrated that the metabolic pathways of glucose and fructose are different (7) (8) (9) and that administered fructose may be removed from the blood at a normal rate in certain clinical conditions in which glucose tolerance is impaired, such as diabetes mellitus (10) , cortisone administration (11) , and the stresses of surgery (12) , anesthesia (13) , and infection (14) . These considerations and the results of Potick (6) 29, 1953. tioned above suggested that a similar discrepancy between glucose and fructose metabolism might exist in otherwise normal subjects who were deprived of dietary carbohydrate. Accordingly, the present studies were designed to compare the effect of dietary carbohydrate deprivation upon intravenous glucose and fructose tolerance in normal human subjects. The results of such a study might yield information regarding the site of the metabolic defect in starvation diabetes.
EXPERIMENTAL PROCEDURES
Six healthy male physicians or medical students, whose ages ranged from 24 to 27 years, were the subj ects for these experiments.
Control intravenous glucose tolerance tests were performed on each subject at a time when he had been eating a normal unrestricted diet and had been receiving an oral multivitamin preparation.8 Four of the subjects then fasted from the evening of one day until the morning of the third subsequent day, when the glucose tolerance test was repeated in a comparable manner. The period of fasting preceding the second test varied from 55 to 60 hours. The intake of water was not restricted and all of the subjects except F.P. received oral multivitamin supplements during this period. Instead of fasting, subjects A.M. and W.C. ate a carbohydrate-free diet consisting of only meat and butter for two days; the glucose tolerance test was repeated on the morning of the third day. Subject A.M. consumed 268 grams of protein and 80 grams of fat each day, while W.C. ate 149 grams of protein and 35 grams of fat daily. They also received oral multivitamin supplements.
At another time control intravenous fructose tolerance tests were performed in the same subjects. After each individual had been subjected to the same form of dietary carbohydrate deprivation, either fasting or a meat diet, for the same period of time as described above, the fructose tolerance test was repeated. In a previous study the mean fasting blood fructose concentration in 17 non-diabetic subjects was found to be 1.7 ± 1.6 mg. per 100 ml. The blood ketone body concentration in normal subjects after an overnight fast is usually less than 1 mg. per 100 ml. by the method used in this study. The "t" test of Fisher was used to assess the statistical significance of differences between mean values obtained in tests performed after the subjects had been eating a mixed diet and corresponding values after carbohydrate deprivation.
RESULTS

Weight loss
The fasting subjects lost from four to eight pounds during the two day period without food. One of the subjects on the meat diet lost one and one-half pounds, but the weight of the second subject was not altered.
Ketosis
The fasting subjects showed a strongly positive qualitative test for ketone bodies in the urine at the end of the fasting period. In subject R.B., blood ketones were 41 mg. per 100 ml. after the first two day period of fasting and 31 mg. per 100 ml. after his second fast; blood ketones were not measured in the other fasting subjects. After the Five of the six subjects showed a greater increase in blood pyruvic acid concentration after carbohydrate deprivation. The average maximum rise was 1.4 + 0.6 mg. per 100 ml. in the control test and 2.0 0.4 per 100 ml. after dietary restriction (0.05 < p < 0.1).
During the fructose tolerance tests there was a small increase in the concentration of blood citric acid in each instance in contrast to the decrease produced by glucose administration; the magnitude of the increase was not altered in a consistent manner by dietary restriction, although the mean rise at 90 minutes was less (0.05 > p > 0.02). There were small increases in the blood malic acid level during the tests performed both before and after carbohydrate deprivation; however, the mean changes from the initial level were not significantly different at any point in the control and postdeprivation tests. Fructose administration was accompanied by a fall in the concentration of plasma inorganic phosphorus in each instance. The average maximum phosphorus decrease was 1.2 + 0.3 mg. per 100 ml. in the control tests and 0.8 0.2 mg. per 100 ml. after dietary restriction (0.02 > p > 0.01).
DISCUSSION
The results of these studies confirm previous observations that dietary carbohydrate deprivation decreases the rate of removal of administered glucose from the blood. Under the same circumstances, the rate of removal of administered fructose is not measurably altered. These findings afford further evidence that in man the predominant pathway for glucose metabolism differs from the pathway for fructose metabolism. gest that the metabolic defect induced by carbohydrate deprivation involves the pathway for glucose utilization without impairing fructose metabolism. Certain metabolic derangements have been demonstrated in -liver slices from fasted rats. Wyshak and Chaikoff (23) reported that the conversion of glucose to CO2, glycogen, and fatty acids was depressed in liver slices from fasted rats; CO2 and glycogen were formed from fructose at a normal rate, although lipogenesis from this hexose was impaired. These investigators suggested that the defect in glucose utilization probably occurred at the glucokinase reaction, while the phosphorylation of fructose was under the influence of a separate enzyme (fructokinase) and was not altered by fasting. Our results are consistent with this hypothesis, although a defect in glucose metabolism at any step between glucose transport and the triose phosphate level could account for the observed difference in the effect of carbohydrate deprivation on the disappearance of glucose and fructose from the blood. Kuyper (24) found that the fructokinase activity was diminished in liver slices from fasted rats; however, our studies do not indicate a significant alteration in the overall rate of fructose removal such as might be observed if the phosphorylation of fructose were impaired by carbohydrate deprivation in man.
The fact that results similar to those of the present study were obtained when glucose and fructose were administered to diabetic subjects (10) suggests the possibility that a lack of insulin effect may be involved in the changes induced by carbohydrate deprivation. The available data regarding the role of insulin in starvation diabetes are conflicting. A diminished insulin effect might be due to a decreased supply of endogenous insulin or to the presence of insulin antagonists. Best, Haist, and Ridout (25) observed a decrease in the insulin content of the pancreas of fasted rats. However, Bergman and Drury (26) found that rabbits which had been fasted prior to evisceration exhibited a diminished rate of glucose utilization in comparison to non-fasted eviscerated rabbits; since both groups of animals were depancreatized, this phenomenon apparently did not depend upon differences in the amount of available insulin at the time that glucose utilization was measured. Himsworth (27) reported that the insulin sensitivity of normal human subjects was reduced by a decrease in dietary carbohydrate, and Mirsky and Perisutti (28) found that the insulin-inactivating capacity of rat liver slices was increased by fasting. However, the importance of insulin in the production of the metabolic defects associated with carbohydrate deprivation remains unsettled.
There is also the possibility that the metabolic changes associated with carbohydrate deprivation are related to increased adrenal cortical activity. An impairment of glucose tolerance with no alteration in the rate of fructose removal has been described in normal men following a single dose of cortisone (11). Engel's observation (29) that glucose tolerance is unimpaired by a 48 hour period of fasting or low carbohydrate intake in patients with adrenal insufficiency also suggests that the adrenal cortex may be involved. In experimental animals, complete inanition (30) or a high protein diet (31) produce adrenal cortical hypertrophy, but the effect of a low carbohydrate diet per se has not been studied adequately. In Cushing's syndrome (32) (33) (34) Engel (29) has reported that the glucose tolerance test is not altered by fasting in the patient with pituitary insufficiency, and Himsworth and Scott (38) found that glucose tolerance was not impaired by a low carbohydrate diet in the hypophysectomized rabbit. Recant (39) investigated a respiratory quotient (R.Q.) depressing factor of anterior pituitary origin. This substance inhibited the rise in R.Q. which occurred when glucose or hexose diphosphate were added to a rat diaphragm preparation but did not inhibit the R.Q. rise produced by 3-phosphoglyceric acid. A similar R.Q. depressing factor was demonstrated in the serum of fasted normal rats but was absent from the serum of fasted hypophysectomized rats and normal rats on an adequate diet. Although these observations suggest that the anterior pituitary may be involved in the production of the metabolic changes associated with dietary carbohydrate deprivation, the results of other investigators are not in agreement. For example, two groups of workers (40, 41) have altered the glucose tolerance curves of hypophysectomized dogs by reducing the carbohydrate content of the diet. As in the case of the other endocrine glands, sufficient information is not available to assess the role of the anterior pituitary in the production of the metabolic changes of starvation diabetes.
From a teleological viewpoint, it is of interest that the metabolism of the most important carbohydrate fuel of the body, glucose, is impaired in so many conditions, including starvation, diabetes mellitus, and stress; while the utilization of fructose, which apparently plays a relatively minor role quantitatively in the normal body economy, proceeds at an unchanged rate under the same circumstances. In starvation, the net impairment of glucose utilization may represent a mechanism for the maintenance of an adequate supply of glucose for the central nervous system which is dependent upon this particular hexose. SUMMARY 1. Intravenous glucose and fructose tolerance tests were performed in six normal subjects before and after two days of dietary carbohydrate deprivation.
2. The rate of removal of administered glucose from the blood was diminished after carbohydrate deprivation, while fructose disappeared at a normal rate.
3. These results afford further evidence that the metabolism of fructose differs from the metabolism of glucose in man.
